A systematic investigation of the pressure effect on the physical properties of organic semiconductors began about twenty years ago [I] . Up to now the transport [2] , spectral [2, 3] , and spin [4] [5] [6] effects were studied In particular, the anion radical salts of methyltriphenylphosphonium (MTPP+) and methyltriphenylarsonium (MTPA +) with tetracyanoquinodimethane (TCNQ) have raised interest [1, 4, 6, 8, 9] . Merkl et al. [4] have studied the tripletexciton magnetic resonance and have found a pressureinduced phase transition in MTPA(TCNQ)2 by ESR studies. They have explained the phase diagram for the salt in terms of the elementary theory of noninteracting triplet excitons. Nuclear relaxation and exciton dynamics in MTPA(TCNQ)2 have been studied by Devreux and Nechtschein [6] , whereas the effect of pressure on the phase transition of MTPP(TCNQ)2 has been studied by differential thermal analysis by Iida et al. [7] . Although many studies were devoted to the effect of pressure on the phase transitions in crystalline salts of MTPP(TCNQ)2 and MTPA(TCNQ)2, the situation is still not clear.
In our opinion, the results concerning the phase transitions obtained from electron spin resonance are not entirely clear and require a more extended discussion based on additional crystal structure data.
The above was the motivation for an electron spin resonance study of the effect of pressure on MTPP(TCNQ)2 and MTPA(TCNQ)2 salts. We focus our attention on the pressure dependence of the ESR spectra, Some of our preliminary results have been published elsewhere [8, 9] [4, 7] , whereas the similar salt MTPA(TCNQ)2 undergoes only a pressure-induced transition [4] . This difference has stimulated us to reconsider the ESR results for these salts.
For the ambient pressure phase transition in MTPP(TCNQ)2, sharp discontinuities were found in the temperature dependences of the electrical conductivity by Iida et al. [10, 11] and Croteau et al. [12] , magnetic susceptibility by Chesnut et al. [13] , visible absorption by Yakushi et al. [14] , infrared reflectivity by Swietlik and Graja [15] and in parameters of the triplet-excitons magnetic resonance by Merkl et al. [4] . The enthalpy and the total entropy change associated with the phase transition were experimentally determined by Kosaki et al. [16] .
According to the results of crystal structure analysis given by Konno and Saito [17] [10, 11] in the electrical conductivity and by Swietlik and Graja [15] The temperature dependences of the linewidth of both salts for two pressures : 500 MPa (above the phase transition) and 200 MPa (near or below the phase transition) are shown in figure 4 . The intersections of various curves represent the points at which the line separation without exchange equals to the exchange frequency v [20] . To the left of this point (lower temperature), a two-line spectrum, and to the right (higher temperature) a single-line spectrum are observed A sudden change in the linewidth for MTPP(TCNQ)2 under pressure of 200 MPa, at about 255 K, is connected with the phase transition. The lack of experimental points near the intersection of the curves is due to the line deformation. From Chesnut and Phillips [13] it is known, in the case of pairwise spin correlation with a ground singlet state and when an associated excited triplet states are separated by the energy Ea, that
The singlet-triplet separation energy Ea is an activation energy for triplet excitons in TCNQ salts. In figure 5 the plots In x. T vs. 1 / T give the activation energy values for both systems at selected pressures.
At low temperatures (slow exchange) the intensity of the line is determined by equation (1) . As the presence of the exchange is strongly felt by the system, the intensity goes through a maximum as can be seen in figure 5 for the samples under the pressure. [9] .
For both procedures used for the evaluation of the slow-exchange frequencies, in spite of some inaccuracies caused by the nearness to the limiting exchange frequencies, large jumps are observed at critical points. This suggests a relationship between the exciton dynamics and the mechanism of the phase transformation.
From the linear dependence of the In v vs. p, shown in figure 7 , it is concluded that the pressure dependence of the exchange frequency can be described by the formula where vo is the exchange frequency at ambient pressure and a is a temperature dependent coefficient with typical values between 0.001 MPa-' and 0.006 MPa-1.
For systems obeying singlet-triplet statistics, the exchange frequency varies according to equation (2) .
Our data confirm that v is activated, with pressuredependent activation energy Eex. For the fast exchange limit, E.. can be determined directly from the slope of line broadening OH -AHO vs. 1/T (see Fig. 6 ).
For the low exchange limit the activation energy can be determined from a slope of F(eH, d) vs. lIT, where and F(OH, a') -v from equation (5) . This procedure should eliminate any ambiguity resulting from equations given by Jones and Chesnut [20] . figure 9 vs. pressure. Fig. 9 . -Pressure dependence of the singlet-triplet separation energies E. and the activation energies for exciton propagation Ew The critical pressures are marked All the parameters describing the ESR spectra of the salts under pressure, especially the exchange frequencies (Fig. 7) and the activation energies (Figs. 8 and 9 ), undergo distinct and sudden changes at phase transition points.
The activation energy for singlet-triplet separation Ea (Fig. 9) figure 8 and for exciton propagation Ev given in figure 9 . E.. of both salts within the fast exchange region increases with the pressure, however, undergo large drops at critical pressures. The increase of Eex and Ev and the decrease of v with increasing pressure is caused by an increase of the interaction between the spins, resulting from the decreasing distances between the TCNQ molecules. One should expect that when the lattice contracts, the propagation of excitons along the chain becomes easier. Any hindrance to the propagation of excitons in both salts under pressure suggests that not only the intermolecular distances but also the intermolecular overlapping play an important role in the exciton propagation. An inconvenient overlapping affects the exciton transport along the TCNQ chain.
Conclusions.
The pressure ESR studies of MTPP(TCNQ)2 and MTPA(TCNQ)2 salts led us to the following conclusions :
1) The exciton dynamics is considerably disturbed under pressure. The propagation of excitons is hindered, probably due to a change in overlapping of the TCNQ7 orbitals. The singlet-triplet separation energy diminishes as a result of a reduction of intermolecular distances within the tetrades.
2) The phase transitions in these salts are characterized by a sudden change in the exciton parameters describing their dynamics : v, E.. and E, The observed changes suggest the delocalization of the excitons at the transition point; i.e. establishing new molecular positions and conditions for the triplet excitons.
3) The diverse nature of the MTPP(TCNQ)2 and MTPA(TCNQ)2 phase transitions is probably caused by different modifications of distances between tetrades in these salts.
